Although Toxoplasma gondii infection is commonly prevalent in the tropical/subtropical regions, the prevalence of toxoplasmosis in the Republic of the Marshall Islands (RMI) remains unclear. A seroepidemiological survey was undertaken for investigating T. gondii infection in primary school children (PSC) using the latex agglutination (LA) test in the capital area of RMI. Information on demographic characteristics and environmental risk factors was collected via a structured questionnaire. Logistic regression model was applied for multivariate analysis. The overall infection rate of T. gondii was found to be 54.8z. Significant gender differences were found at different urbanization levels. PSC with LA titers of AE 1:1,024, indicating high responders, were found to be younger age group than others (8.7 years vs. 10.3 years, P ＝ 0.003); moreover, infection rates among both age groups as well as high responders showed a decreasing trend with age. Multivariate analysis revealed that residing in urban rather than suburban settings was associated with increased risk of infection (P ＝ 0.04). No associations were found between raw meat consumption, drinking unboiled water, and cleaning of cat hutch using gloves. This is the first serological survey of T. gondii infection among PSC in RMI and could help in the development of strategies in the future for disease prevention and control of T. gondii transmission.
INTRODUCTION
Toxoplasma gondii is a zoonotic protozoan that can be transmitted to both animals and humans through multiple routes (1, 2) . Felids such as cats are the definite hosts of T. gondii, and the transmission cycle could involve a wide variety of intermediate hosts, including humans. Humans can be infected upon ingestion of food or water contaminated with oocysts released from infected cats or by consumption of tissue cysts in undercooked or raw meat or visceral organs (1, 3) .
Most cases of toxoplasmosis are asymptomatic or only show some self-limiting flu-like syndromes. Lymphadenopathy has been identified in rare cases (1) . Although the clinical presentation of toxoplasmosis is benign in immunocompetent individuals, the outcome could be severe or lethal in immunocompromised patients, including human immunodeficiency virusinfected patients or those with congenital infection. Toxoplasmic encephalitis that results from the reactivation of a latent infection potentially causes severe cerebral lesions in AIDS patients (4, 5) . Toxoplasmic chorioretinitis is a common late manifestation in children or young adults due to congenital or acute infection (6) . The severity of clinical outcomes for newborns depends on the gestation stage during pregnancy. Early maternal infection (during the first trimester) is likely to cause more significant congenital toxoplasmosis in newborns (1, 7) . These phenomena highlight the clinical importance of T. gondii infection.
The detection of T. gondii for the diagnosis of infection is rarely achievable. Most clinical laboratories therefore utilize serological tests such as latex agglutination (LA) test, enzyme-linked immunosorbent assay, and indirect fluorescent antibody test to detect antibodies against T. gondii in infected individuals. The LA test has been widely used in remote areas of developing countries because of its high specificity and sensitivity as well as convenience (8) (9) (10) (11) (12) (13) (14) . Serological surveys of T. gondii infection have been conducted in several regions; however, seroprevalence rates vary between investigations. The most recent studies revealed the seropositivity rate for T. gondii to be 52.6z in the rural regions of Brazil, 81.4z in Ethiopia among women of child-bearing age, 70z among the inhabitants of Jakarta in Indonesia, 10.8z in the United States according to a nationwide survey, and 13.2z among the residents of Jeju island, Korea (15) (16) (17) (18) (19) . Although these studies differed with respect to the target populations or immunological assays employed, the wide range of T. gondii seroprevalence rates indicates that its transmission is influenced by environmental exposures, human behaviors, sanitary conditions, or even local climate variations (20) . Nevertheless, the prevalence of T. gondii infection among the inhabitants of the Republic of the Marshall Islands (RMI) remains unclear.
The present cross-sectional study aimed to investigate the prevalence of T. gondii infection among primary school children (PSC) in RMI. In addition to serological investigations, risk factor analysis was employed for understanding the fundamental epidemiology and environmental risk factors of T. gondii transmission in the study population. This study represents the first seroepidemiological investigation of T. gondii infection and provides fundamental information on T. gondii epidemiology in RMI.
MATERIALS AND METHODS
Geography of RMI and Majuro Atoll: RMI is an island nation situated in central Pacific Ocean between latitude 4 degrees and 14 degrees North and longitude 160 degrees and 173 degrees East. The country consists of 29 low-lying atolls that lie in 2 parallel chains: the Eastern Ratak (Sunrise) and the Western Ralik (Sunset) chains. The total number of islands and islets is approximately 1,225. RMI is divided into 24 municipalities, with Majuro, Ebeye, Wotje, and Jaluit being the major district centers.
Majuro Atoll, a large coral atoll comprising 64 islands, is one of the legislative districts of the Ratak chain of RMI. Majuro Atoll includes a land area of just 3.7 square miles and encloses a lagoon of 114 square miles. As with the other atolls in RMI, Majuro consists of extremely narrow land masses, which allow a person to walk from the lagoon side to the ocean side within minutes. The main population center, also named Majuro, is the capital and largest city of RMI. The total population of RMI is 52,560, and its major ethnic group is Micronesian (21) . RMI has a tropical climate, with a long, wet season from June to November. The economy of the nation chiefly relies on agriculture, fishery, and support from the United States.
Study population and subject selection: The study participants included PSC in Majuro, the capital city of RMI. Blood samples of PSC participants from schools located in the urban and suburban areas were collected by public health nurses. The enrolled PSC were interviewed by well-trained public health nurses using the structured questionnaire, which was designed in our previous study (12) . Basic demographic information, including age, gender, parents' occupation, height, weight, self-reported health status, and urbanization level were obtained during the interview. The body mass index (BMI) was evaluated from the height and weight. Moreover, the PSC were grouped into 3 categories on the basis of their age: Group 1, including children younger than 7 years; Group 2, including children aged 7-9 years; and Group 3, including children older than 9 years. The parents' occupations were classified into the categories of skilled and unskilled workers on the basis of 6 levels of occupation. More than 60z of parental occupations belonged to the level of semiskilled workers (truck drivers, factory workers, or salesmen), which was classified as unskilled workers in the present analysis. A total of 166 PSC were enrolled in the study, with a sex ratio of 1.18 (male:female) and a mean age of 9.5 ± 2.3 years among the study population.
Multiple environmental risk factors for T. gondii infection were investigated in the present study. Information pertaining to contact with cats, feeding behavior, cleaning of cat hutch using gloves, consumption of raw or undercooked meat, and drinking of untreated or unboiled water were obtained and employed for multivariate analysis.
LA test: All serum samples were obtained by venipuncture and stored at -209 C in Majuro Hospital Laboratory for further examination. The LA test was used to screen T. gondii infection using commercial reagents (TOXO Test-MT; Eiken Co. Ltd., Tokyo, Japan). The LA test has been widely employed in several remote or isolated regions because of its high sensitivity, specificity, and ease of operation (9) (10) (11) (12) (13) (14) . Positive sera samples were determined using a cutoff titer of 132. Cases for which the titer equaled or exceeded 11,024 were considered high responders (12) .
Ethical approval: Research protocols were approved by the Institute Review Board of Shuang-Ho Hospital, Taipei Medical University (TMU-JIRB-No. 201306003) and by the Ministry of Health, RMI.
Statistical analyses: The association of various demographic characteristics, including gender, age, parents' occupation, and urbanization level, with T. gondii infection was evaluated using chi-square test. The difference in age distribution between high (LA titer AE1:1,024) and non-high (LA titer º1:1,024) responder groups was examined using Mann-Whitney U test because of the small sample size. Logistic regression model was applied for investigating multiple environmental risk factors associated with T. gondii infection. Statistical analysis was performed using SAS 9.3 (SAS Institute, Inc., Cary, NC, USA).
RESULTS

Seroprevalence of T. gondii infection among PSC in
Majuro, RMI: Overall seropositive rates of T. gondii infection in RMI were found to be 54.8z (91/166), with acute/recurrent infection rates of 30.7z (51/166) ( Table 1) . A pattern of decreasing infection rates with age was observed, although the trend was not statistically significant. Moreover, the rate of acute/recurrent infection (21.2z) in the oldest age group ( À 9 years) was significantly lower than that in the 2 younger age groups (P ＝ 0.02) ( Table 1 ). The mean age of PSC in cases of 
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Toxoplasma in Marshall Schoolchildren acute/recurrent infection was significantly lower than that in cases of non-acute infection (Figure 1) . No significant differences were observed in univariate analyses with regard to gender, BMI, and parents' occupation (Table 1) . Epidemiological characteristics and risk factors of T. gondii infection among PSC in Majuro, RMI: The seroprevalence of T. gondii showed significant differences at different urbanization levels, with infection rates being higher in an urban setting (61.3z, 57/93) than in a suburban setting (46.6z, 34/73) ( Table 2) . Moreover, high responders (LA titers AE1:1,024) were more common among PSC living in urban areas (35.5z, 33/93) than among those living in suburban areas (24.7z, 18/73). The infection rates of both nonhigh (P ＝ 0.02) and high (P ＝ 0.008) responders were significantly higher among females residing in the urban areas (Figure 2 ), while such differences were not observed among the male population.
Of the total 166 PSC, all except 2 children claimed to be healthy; therefore, the self-reported health status was not included for further analysis.
Multivariate analysis demonstrated that the urbanization level is the most significant risk factor associated with T. gondii infection (OR ＝ 2.59, P ＝ 0.04) ( Table  3) . Age was also found to be associated with infection rates, with the youngest age group showing higher risk than the older ones in multivariate analysis; however, the differences were not statistically significant. After adjustments for gender, age group, parents' occupation, and BMI, living with a cat was found to have a positive association (OR ＝ 1.74, P ＝ 0.5) with T. gondii infection; however, the association was not statistically significant. Similarly, wearing gloves while cleaning cat hutch could be intuitively judged to prevent infection; however, a statistically significant association was not evident in the present study. Consumption of undercooked meat (OR ＝ 1.04, P ＝ 0.94) or drinking unboiled water (OR ＝ 0.6, P ＝ 0.33) was found to have no association with T. gondii infection.
DISCUSSION
RMI is a developing country in the tropical region, where the environmental conditions are favorable for the transmission of parasites. School children are vulnerable to T. gondii infection because of their behavioral habits, which involve higher environmental exposure and a lack of awareness for avoiding the risk of infection. The development of disease prevention and control strategies therefore necessitates an understanding of the prevalence of infection among school children in RMI. The present study is the first serological survey of T. gondii infection among PSC in RMI. At least 50z of PSC were shown to have been infected with T. gondii, with 30z of the children having higher titers (LA titer AE 1:1,024). The observed seroprevalence rate (54.8z) is slightly lower than that observed in our previous study on PSC in the Democratic Republic of Sao Tome and Principe in West Africa (63.1z) (12) but higher than the rates observed in other areas such as Swaziland (0.0z), Iran (20.95), and Nigeria (23.8z) (13, 22, 23) . Such a discrepancy in seroprevalence rates between different countries is attributable to differences in ethnicity, tradition/culture, and food habits (1, 12) . Nevertheless, the high infection rate implies that PSC in RMI face increased risk of T. gondii transmission and exposure. The absence of significant differences, assessed by univariate analysis, in T. gondii infection rates between the genders is in accordance with findings of previous studies (11, 13) . However, in contrast to another study (11) , the infection rate was lower in the older age group in the present study. The decreasing trend of the seroprevalence rate with age, particularly for high responders, could indicate lower exposure or increased adoption of protective behaviors by older children for the prevention of infection.
The urbanization level likely plays an important role in governing T. gondii infection rates in the present study. Higher risks of transmission were identified in an urban setting in RMI; however, the differences were statistically significant only among females. The urbanization level could be considered to represent environmental risk factors which are in turn correlated with population density, probability of contact between animals and humans, available types of food. However, more comprehensive investigation is urgently required to clarify the reasons underlying the higher rates of T. gondii infection among female PSC residing in urban regions of RMI.
Environmental exposure, including close contact with cats, consumption of raw meat, or drinking unboiled water are important risk factors for T. gondii infection (1) . Multivariate analysis performed in the present study evaluated the associations between multiple environmental risk factors and T. gondii infection. Interestingly, residing in an urban environment was still found to show a statistically significant association with T. gondii infection (OR ＝ 2.59, P ＝ 0.04), after adjusting for other variables. An alternate interpretation for this observation is that the various risk factors associated with T. gondii infection were more prevalent in urban regions, thereby causing increased susceptibility to T. gondii infection. Accordingly, 64z (107/166) of PSC in the present study had the habit of feeding cats either inside or outside their households. Contact with cats results in a higher risk of acquiring T. gondii infection, although the association is not statistically significant (OR ＝ 1.74, P ＝ 0.5). Cleaning of cat hutch using gloves did not show any association with the risk of T. gondii infection in the present analysis; this could be explained by the fact that the study population comprised school children, who are likely not involved in housekeeping work at home. Therefore, the influence of wearing gloves on the risk of T. gondii infection may not have been appropriately evaluated in the present analysis.
Consumption of raw meat or drinking unboiled water has been shown to be an important risk factor for T. gondii infection in several studies (3, 24, 25) ; however, such associations were not observed in the present study. A potential explanation could be the relatively small sample size investigated in the present study. Another possible explanation is that the potential environmental risk factors in RMI are different from those in other regions, and further investigation is required. Almost every family in the present study was observed to have a big water-storage tank connected to the roof of the house for rain water harvesting, with inhabitants, including children, drinking the harvested water without boiling. Moreover, inhabitants appeared to enjoy raising cats, and these cats preferred to defecate on the roof of the house. Therefore, recurrent T. gondii infection among PSC likely results from the ingestion of oocysts that are released from the cats' feces and deposited on the roof, resulting in the contamination of drinking water from the water-storage tanks. Further examination of drinking water from these tanks for the presence of oocysts is urgently required for the confirmation of such hypotheses. In fact, BahiaOliveira et al. (24) indicated that the consumption of untreated or unfiltered water implicated as the source of T. gondii infection in a disease-endemic area of north Rio de Janeiro state in Brazil.
The present study has certain limitations. First, information was obtained by interviewing school children; however, the younger children could have failed to precisely understand each question, which would affect the reliability of their answers. However, this bias has been minimized by employing well-trained interviewers in the study. Second, the relatively small sample size reduces the impact of the statistical tests. Despite this, a pilot study of T. gondii infection in RMI has been successfully conducted with limited resources. An expansion of the study population in the future should help overcome the issue of sample size.
In spite of these limitations, the present study is the first serological investigation of T. gondii infection among PSC in RMI. The high seroprevalence rate indicated that the risk of T. gondii infection should not be ignored in RMI. Although T. gondii infection in immunocompetent individuals does not lead to severe clinical outcomes, the clinical sequelae for the fetus could be severe if maternal infection occurs at an early stage (1) . Moreover, recent studies have indicatd the potential association between T. gondii infection and schizophrenia (26) (27) (28) (29) . Therefore, serological surveys should be expanded to include pregnant women and other high-risk groups, and a more comprehensive risk factor analysis should be conducted in RMI. These efforts could reveal important information, which could be used by public health policy makers for developing strategies for disease control and prevention.
